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Abstract 
Self-heating of resistance thermometers is a well-known phenomenon, which occurs when the measuring current additionally 
heats up the sensing element. The following paper describes the influence of the self-heating of a Cernox thermometer on the 
uncertainty in cryogenic temperatures (8K and 10K). The self-heating temperature difference is related to the thermal resistance
between the sensor and its surroundings.  
The self-heating temperature increase can be corrected by the basic two-current method. However, in measurements of high 
accuracy, uncertainty of the self-heating correction, achieved by the basic two-current method, may not be sufficient. More 
advanced methods for self-heating correction are proposed, based on the use of more than two different currents. Uncertainty of
the self-heating for four methods (basic two-current method, three-current method, four-current method and five-current method)
at different cryogenic temperatures is calculated. We can find that using the advanced methods we can decrease the uncertainty 
from 0.7 to 0.5 mK at 8 K, and from 0.84 to 0.64 mK at 10 K. This decrease may not be significant in common cryogenic 
temperatures measurement, but it can present an improvement in measurements of the the highest accuracy. The calculation 
results also show that there is no remarkable difference between the three-current method and the four-current method. The facts
indicate that accuracy only slowly improves with the increasing number of different currents when the number of current is more
than three. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of ICEC 25-ICMC 2014.  
Keywords: Cryogenic temperature measurement, Cernox thermometer, self-heating, uncertainty. 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICEC 25-ICMC 2014
1158   K.R. Li et al. /  Physics Procedia  67 ( 2015 )  1157 – 1163 
1. Introduction 
Cernox thermometers [1], which are the patented product of American Lakeshore Company, are widely used for  
cryogenic temperature measurement of the highest accuracy, because they have many advantages compared with 
other types of thermometer in cryogenic temperature measurement. Firstly, they have high sensitivity at low 
temperatures and good sensitivity over a broad range. Secondly, they have been proven very stable over repeated 
thermal cycling and under extended exposure to ionizing radiation. Additionally, they are easily mounted in 
packages designed for excellent heat transfer.  
In order to use a Cernox thermometer to accurately measure temperature, we must be able to measure its 
electrical resistance accurately and transform the measured electrical resistance into temperature. Electrical 
resistance can only be measured by applying a current through the sensor and measuring the resulting voltage drop. 
Unfortunately, applying the measurement current will cause heat dissipation and will actually increase the measured 
temperature. This temperature increase is a well-known phenomenon called self-heating 
The self-heating effect is basically a temperature phenomenon, but it is measured as a resistance difference, so we 
can analyze the phenomenon by two methods, in terms of temperature or in terms of resistance. In this paper, we 
choose the latter method, since measured Cernox thermometer resistance is usually first corrected for self-heating 
and only afterwards transformed to temperature.  
Most of the past work has been published concerning the uncertainty of the self-heating correction of standard 
platinum resistance thermometers in normal temperature measurements [2,3]. Data is missing for the uncertainty of 
the self-heating correction of the Cernox thermometer in cryogenic temperature measurements. In this paper, the 
uncertainty of the self-heating correction of a Cernox thermometer in cryogenic temperature measurements is 
calculated by four different methods. 
2. Theoretical Background 
When the resistance R  of the Cernox sensor is measured, the measurement current I  dissipates power P  : 
2P I R .                                                                                                                                               (1)           
Heat dissipation in the sensor causes a heat flux that generates a temperature gradient from the sensor to the 
mounting surface. The Cernox sensor therefore measures a higher temperature T  instead of the actual temperature
0T , which would be measured without the self-heating effect. The temperature difference T'  can therefore be 
calculated as:  
2
0 t tT T T P r I R r'       ,                                                                                                                             (2)
where tr  is the thermal resistance between the sensor and its environment. The self-heating value can also be 
calculated in terms of resistance: 
2
tR s T sI Rr'  '  ,                                                                                                                                           (3)
 where s  is the sensitivity of the Cernox thermometer at the measurement temperature: 
dRs
dT
 .
                                                                                                                                                               (4)
In fact, we are interested in the resistance 0R  as measured with zero-current instead of the self-heating value R' :
2
0 tR R R R sI Rr '   .                                                                                                                                  (5) 
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The self-heating effect could theoretical be corrected for using equation (5), but it is not possible to measure the 
thermal resistance with high accuracy. The basic two-current method, based on the quadratic relation between the 
self-heating value and the current, equation (3), where all other parameters are constant, is used to correct the self-
heating effect. Typically, the resistance 1R  is the first measured with 1I  current, the resistance 2R  is measured with 
12I  current and the measurement with the first current is usually repeated to check the stability. 
Zero-current resistance 0R  can be calculated as: 
0 1 22R R R  .                                                                                                                                                     (6) 
And the self-heating correction uncertainty in terms of resistance can be calculated as: 
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Uncertainties of resistance measurement 
1R
u  and 
2R
u  can be calculated be using a conservative approach. The 
uncertainties 
1I
u  and 
2I
u  can be obtained from the calibration specifications of the measuring devices. 
In measurements of the highest accuracy, uncertainty of the self-heating correction, achieved by the basic two-
current method, may not be sufficient. In order to further decrease the uncertainty, the improved methods with more 
than two different currents are proposed. The resistance 0R  can be calculated using the least-square fit. For the sake 
of simplicity, fitting analysis will be performed and only for the simplified self-heating equation, without taking into 
account the parameter a  of the resistance of the Cernox thermometer: 
2
0R R aI  .                                                                                                                                                      (8) 
 The least-squares fitting basically represent a problem of finding the minimum of the equation: 
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Where iR  and iI  are the n  measured resistance at different currents. By partial derivation of the two parameters 
0R and a , two equations are obtained: 
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Solving equations (10) and (11) for 0R  yields: 
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Equation (12) can be used to calculate 0R  with more than two measurement currents. The self-heating 
uncertainty for 3n t  can be calculated by equation (13). 
3. Experimental setup 
   In order to obtain the cryogenic temperature, a new cryostat was designed [4], as shown in Fig.  1. This cryostat 
had a simple structure that consists of a two-stage GM cryocooler (Sumitomo (SHI) Cryogenics of America, Inc. 
RDK-415D), cryostat wall, radiation shield, thermal damper, sample holder, Cernox temperature sensors, 
temperature controller (Lakeshore,340) and other measuring instruments (Fluke 1594A). All the measurement 
devices used for acquiring data were connected by IEEE-488 cables and controlled by a personal computer using a 
program written in LabView software. 
The radiation shield was made of copper and the thickness is 1 mm. It was connected to the first stage of the 
cryocooler by a flange. The sample holder and heat sink are made of oxygen-free high-conductivity copper (OFHC) 
in order to get a good heat conduction. The thermal damper with 1.2 mm of thickness and 45 mm of diameter is 
made of PTFE and located between the sample holder and the cold head to reduce the temperature fluctuations. A 
constantan resistance of 101.3 : is used as the heater which is installed on the end of the sample holder nearby the 
thermal damper. Two temperature sensors (Cernox-1050-SD SN 70210 and Cernox-1050-SD SN 67685) are 
attached to the bottom of oxygen-free copper block and their temperatures are automatically controlled by the 
temperature controller (Lakeshore 340). Two Rhodium-Iron RTDs are used to monitor the temperature of the cold 
head and the sample holder during the test because the Cernox RTDs we used are calibrated from 4 K to 40 K. The 
wires from the measurement instruments (Fluke 1594A) to temperature sensors are twisted to reduce the inductive 
effect.
A series of measurements were performed to calculate the self-heating correction uncertainty at cryogenic 
temperatures by the presented theory, especially to verify the possibility of improving the self-heating correction 
uncertainty in cryogenic temperature by using more than two currents. The measurements were performed with a 
Cernox thermometer (Cernox-1050-SD SN 70210) at 8 K and 10 K. 300 resistance readings were taken for each 
current and the last 100 were used in the calculation.  
The self-heating correction was performed using 4 different methods: 
x the basic two-current method with currents 50 and 50 2 AP  (nominal current value was used in calculation) 
x three-current fitting with currents 20, 30 and 70 AP
x four-current fitting with currents 20, 30, 50 and 70 AP
x five-current fitting with currents 20, 30, 50, 60 and 70 AP .
4.  Results and discussion 
Fig. 2 shows the measurement results of the Cernox thermometer resistance at 8 K by the basic two-current 
method, and Fig. 3 shows the results of the advanced methods with more than two different currents. Since the 
sensitivity coefficient of the Cernox thermometer is negative, the resistance decreases as the measurement current 
increases. It can be clearly observed that the increase of measurement current will lead to the decrease of the 
resistance fluctuation as farther illustrated by Fig. 4. It indicates that the use of higher currents in the basic two-
current method results in a significant decrease of self-heating correction uncertainty corresponding to equation (7). 
However, larger measurement currents lead to higher temperature rising, with the risk of exceeding the temperature 
we want to keep. Therefore, in a high precision temperature control system, we have to choose optimal currents to 
balance the temperature fluctuation and the self-heating effect. 
 K.R. Li et al. /  Physics Procedia  67 ( 2015 )  1157 – 1163 1161
Fig. 1.  Schematic of the cryostat. 
The uncertainty of the self-heating correction of a Cernox thermometer at 8 K in terms of resistance was 
calculated for all four methods and converted to temperature; the results are summarized in Table 1.  
In order to reduce the random error, the uncertainty of the self-heating correction at 10 K is also calculated .The 
uncertainty is calculated using the conservative approach for all methods by MATLAB software. The self-heating 
uncertainty calculated by the two-current method is 0.695 mK at 8 K, and 0.838 mK at 10 K, whereas the 
uncertainty calculated by the three-current method is 0.522 mK at 8 K, and 0.694 mK at 10 K.  
The results show that the uncertainty calculated by the three-current method can be reduced by 20% compared to 
the two-current method. The uncertainty calculated by the four-current method is 0.481 mK at 8K, and 0.637 mK at 
10 K. There is no remarkable difference between the two methods.  
The difference between the four-current method and the five-current method become even smaller, with only 
0.001mK difference between the two methods. It means that we could use the improved methods to reduce the 
uncertainty of the self-heating correction of the Cernox thermometer in cryogenic temperature measurement, but 
there’s no need to select five or more different currents to reduce the uncertainty of the self-heating correction. 
Table. 1. Uncertainty of the self-heating correction for four methods in 8 K and 10 K 
                                                                     
Method number  
Self-heating correction uncertainty (mK)  
          8 K            10 K 
1          0.695           0.838 
2          0.522           0.694 
3          0.481           0.637 
4          0.480           0.637 
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               Fig. 2. The basic two-current method.  
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Fig. 3. The advanced methods with more than two currents. 
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Fig.  4. Standard deviation of the resistance of the Cernox thermometer at 8 K. 
5. Conclusion 
Cernox thermometer self-heating is a significant factor in high accuracy cryogenic temperature measurement that 
cannot be eliminated, but it can be corrected for by the two-current method. In order to decrease the self-heating 
uncertainty further, additional correction methods are proposed, based on the use of more than two different currents. 
In this paper, the self-heating uncertainty of a Cernox thermometer at 8 K and 10 K is calculated by four different 
methods. It can be seen that we can decrease the self-heating uncertainty from 0.695 mK to 0.480 mK at 8 K, and 
from 0.838 mK to 0.637 mK at 10 K. The results show that using the advanced methods can reduce the uncertainty 
of self-heating correction significantly compared with the basic two-current method, but the use of more than three 
currents produced only a modest additional improvement in uncertainty. The methods discussed can also be applied 
to other types of resistance thermometers in a broad temperature range. 
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